INTRODUCTION
www.e-arm.org motion, the visual system recognizes feedback or feedforward information concerning alterations in the walking pathway, enhancing postural adjustment according to the environment [3] . In visual deprivation, posture is modified through sensory inputs from vestibular, proprioceptive, and tactile frameworks [4] . Therefore, in the event of lessened contribution of one sensory framework, other frameworks may be required to expand their involvement to assure achievement of a task [5] .
Regarding all the sensory inputs, proprioception is viewed as the one most firmly connected to locomotor activity. Joint position sense (JPS) recognizes movement of joints, and assumes an essential role in gait and postural control [6] . Proprioception deficits in cerebral palsy (CP) are most likely due to central nervous system lesions, which impact proprioceptive inputs coming from muscle spindles, Golgi tendon organs, and sensory innervations of joints and skin to the cortex [7] . Additionally, spasticity causes changes in muscle fibers that may impede the JPS influencing the connection between muscles and joints and also affecting muscle spindle sensitivity [8] .
Spastic diplegia is one of the most common types of CP in which lower limbs are affected more than upper limbs. Children with diplegic CP encounter difficulties in sensory processing and integration which influence the achievement of mature postural control [9] . Consequently, they have balance impairments in altered sensory environments, and tend to depend excessively on visual input to maintain posture and to position their limbs during gait, which may indicate proprioception deficits [10] . They also experience difficulty with planning of motor responses, in response to support surface perturbations due to delayed onset of muscle activation.
Moreover, these children demonstrate deficiency in anticipatory postural adjustments while standing and walking [11] .
Treadmill training is assumed to modify postural control in children with CP, by permitting multiple repetitions of steps in rhythmic pattern during the gait cycle. Additionally, it adjusts control between agonist and antagonist muscles, leading to enhanced walking speed, and static and functional balance [12, 13] . No studies have addressed the possible effect of treadmill training with eyes closed on knee joint proprioception, functional balance and mobility in children with spastic diplegia.
Moreover, there was significant error in the knee JPS in children with spastic diplegia, when compared with typically developing children [14] . Accordingly, more studies have to be conducted on the correction of proprioceptive error in children with diplegia. In the same context, frequent falling is considered one of the widespread problems in children with CP who are able to walk alone [15] . Consequently, disturbed balance in a functional background is a noteworthy complication to be considered in rehabilitation programs. Therefore, the purpose of this study was to investigate the effect of treadmill gait training with eyes open (TEO) and closed (TEC) on recognition of knee JPS, functional balance and mobility in children with spastic diplegia, and to determine which training protocol is more effective.
MATERIALS AND METHODS

Participants
Fifty spastic diplegic CP children of both sexes were assessed for eligibility of this study. They were recruited from the pediatric physical therapy outpatient clinic of the Faculty of Physical Therapy, Cairo University. Five children did not meet the inclusion criteria and the study was conducted on the remaining 45 children (24 boys and 21girls) who met the following inclusion criteria. Their ages ranged from 11-13 years. They had mild degree of spasticity <2, according to the Modified Ashworth Scale (MAS) [16] . Their level of gross motor function ranged from I to II, according to the Gross Motor Function Classification System (GMFCS) [17] . Moreover, all children had normal vision, as well as hearing and were able to follow instructions and understand testing and treatment procedures. Children were excluded from this study if they had fixed contractures or deformities of the spine or extremities, history of surgical interference of the spine or lower extremities within 1 year, auditory or visual agnosia or marked language deficits or seizure, exercise induced asthma, congenital heart defects, and cognitive impairment affecting their ability to follow instructions during assessment and training. Additionally, they were excluded if they received botulinum toxin injection within the last 6 months. Fig. 1 shows the recruitment process and flow chart of the study design.
All assessment and treatment procedures, purposes and benefits of the study were explained to all children and www.e-arm.org their parents. Each child's parents signed an informed consent form indicating agreement to their child's participation before initiation of the study. The study was performed according to the Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans. This randomized controlled study was approved by the Ethics Review Committee of the Faculty of Physical Therapy, Cairo University (No. P.T.REC/012/001889).
After fulfilling the eligibility criteria and under going the initial assessment, the recruited children were randomly allocated into 3 groups with 15 children each by using a computer generated random number list. Control group (CON) underwent especially designed physical therapy program. Study groups (TEO and TEC) underwent the same program in addition to treadmill gait training with eyes open and closed, respectively.
Outcome measures
All children completed the following assessments at baseline (pre-treatment) and at the end of 3 successive months of treatment (post-treatment). Evaluation was conducted by the assessor blinded to participants' allocation, and was not involved in the application of treatment. Knee JPS was assessed by Biodex III isokinetic dynamometer. Pediatric Balance Scale (PBS) was used to assess functional balance, while functional mobility was assessed using modified Timed Up and Go Test (mTUG).
Procedures
Assessment of knee joint position sense Absolute degree of knee joint position error was assessed, using Biodex III isokinetic dynamometer (Biodex Medical System Inc., Shirley, NY, USA). The active repositioning test was performed to examine the ability of each child to actively reproduce a preselected joint position, at a preset angle of 45° of knee flexion. It was recorded in absolute degrees of error between preselected angle and repositioned angle. Angular speed for the active reposition test was set at 2°/s [14] .
Repositioning accuracy test was assessed for only the right lower extremity (dominant limb), to facilitate the www.e-arm.org testing setup. Each child was instructed to sit on the associated chair of the Biodex System with the knee of the tested extremity aligned with the axis of the dynamometer, and positioned in 90° flexion (the starting position). Each child was stabilized by straps around the trunk, pelvis, and thigh. The tibial pad was secured to the shank 3 cm proximal to the lateral malleolus, according to manufacturer's guidelines [18] . Before being tested, every child underwent a practice session with subsequent rest period of 30 seconds. During the practice session the tested extremity was permitted to passively move to the target angle 45° towards knee extension, and then, it was held for 10 seconds to enable every child to remember the test position with eyes open, then when blindfolded. During the active reposition test session, each child was blindfolded to exclude participation of visual inputs to joint repositioning requiring somatosensory input, for limb guidance to accomplish the task [7] . Each child was asked to actively move his/ her lower leg to the pre-selected test position within 60 seconds. When he/she felt that the target angle had been reached actively, he/she informed the therapist who stopped the device using the hold/release button. The leg was then returned to the starting position by the device, where it was left for 30 seconds before the next test trial. The test was repeated three times, and the average was calculated and used for statistical analysis.
Assessment of functional balance
Functional balance was assessed using PBS. It is a valid scale for measuring functional balance abilities in children with spastic CP [19] . High test-retest and interrater reliability of the PBS have been established [20] . It includes 14 items resembling different daily living activities, with a maximal score of 56 points. Tasks are scored on a 5-point ordinal scale from zero to 4, with zero indicating failure to perform the task independently, and 4 indicating capability to perform the task without assistance. Scores are given according to duration that a position can be sustained for, distance which is reached by the upper limb in front of the body, and duration that is required for achieving the task [15] .
Assessment of functional mobility
Functional mobility was assessed using mTUG. It measures functional mobility and balance, according to time required for the child to perform the task of standing from the sitting position on chair without arm supports, walking 3 m, turning around, and returning back to the sitting position. Intra-rater and inter-rater reliability of the mTUG test are reported to be very high [21] . The time required to accomplish the task is recorded in seconds, using a stopwatch. Thereafter, the test was performed three times, and the mean was taken and used for statistical analysis.
Procedures for treatment
Treadmill gait training program: Children in both study groups underwent treadmill gait training by using Biodex Gait Trainer 2. It is used to train walking ability in individuals with neurologic gait dysfunctions [22] . Treadmill gait training protocol was conducted 3 times/week for 12 successive weeks. The training session lasted for 30 minutes, subdivided into 3 sets with 10 minutes each. Prior to treadmill gait training, children were allowed to walk on the gait trainer for 5 minutes to determine maximum walking speed accomplished by each child. During the first and last 5 minutes of the training session, every child walked at 60% maximal speed while during the remaining 20 minutes, they walked at 80% maximal speed [23, 24] . Children in both study groups were offered a rest period for 5 minutes, after each set of training to prevent fatigue. Children in the TEO group conducted treadmill gait training with their eyes open, while the TEC group performed treadmill gait training with their eyes closed by an eye cover, according to the technique recommended by Zanetti and Schieppati [25] . All children were permitted to grasp treadmill handrails to further advance security. Additionally, verbal guidance and manual help were applied, to prevent the child from falling and to achieve better gait pattern.
Physical therapy treatment program: All children in the 3 groups underwent especially designed physical therapy program for 1 hour, 3 times/week, for 12 successive weeks. Each exercise was practiced for 5 minutes with a rest period of 2 minutes between exercises. Selected therapeutic exercises program included the following. (1) Inhibition of undesired movement pattern, and facilitation of desired movement pattern based on neurodevelopmental technique. (2) Proprioceptive training through weight-bearing activities from different positions (e.g., quadruped, kneeling, half kneeling, and standing).
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Statistical analysis
Data were statistically analyzed by using SPSS version 20 (SPSS Inc., Chicago, IL, USA). Descriptive statistics (mean and standard deviation) were computed, for all measured outcomes. Analysis of variance (ANOVA) was conducted to compare mean values of parametric variables (JPS and mTUG) between the three groups before and after treatment using post-hoc test for pair wise comparison. Paired t-test was used to compare mean values within each group over intervention. Additionally, Kruskal-Wallis test was used to compare mean values of nonparametric variables (PBS), between the three groups before and after treatment. Furthermore, comparisons of mean differences between groups, and within each group were conducted using Mann-Whitney U test, and Wilcoxon signed-rank test, respectively. Statistical significance was set at p<0.05.
RESULTS
Forty-five children with spastic diplegia were included in this study. They were randomly assigned to the CON, Wilcoxon signed-rank test. *p<0.05.
www.e-arm.org TEO, and TEC groups. The three groups were homogenous at baseline with regard to age, weight, and height (p>0.05) ( Table 1 ). There were no significant differences between the three groups in baseline outcome measures including knee JPS, PBS, and mTUG (p>0.05) ( Table 1) .
In both study groups (TEO and TEC), there was statistically significant decrease in absolute degrees of error of knee JPS between baseline, and the end of treatment (p<0.05) while the CON group did not significantly change after intervention (p=0.136) ( Table 2 ). Moreover, the three groups experienced statistically significant improvements in PBS over intervention (p<0.05) ( Table  2 ). According to mTUG, statistically significant improvements were observed in the three groups, from pre-to post-treatment (p<0.05) ( Table 2) .
Comparisons between the three groups indicated statistically significant differences in all outcome measures, after treatment between CON and TEO groups (p=0.01), CON and TEC groups (p<0.001), and TEO and TEC groups (p=0.01) with greater improvements in favor of the TEC group (Tables 3, 4) .
DISCUSSION
The purpose of this study was to examine the effect of treadmill training with eyes open and closed on the knee JPS, functional balance and mobility in children with spastic diplegic CP. Choosing the age of participating children to be 11-13, is in agreement with Stanley et al. [26] who affirmed that children aged 7-10 can resolve sensory conflict from somatosensory and visual receptors, and properly use the vestibular framework as a reference.
According to the results of this study, both gait training protocols either with eyes open or with eyes closed induced within group improvement in knee joint proprioception, functional balance and mobility with greater improvement in the TEC group. Furthermore, in the CON group, there was significant improvement in functional balance and mobility, without significant change in proprioceptive acuity of the knee joint. Therefore‚ these findings demonstrated that treadmill training with blocked vision could be useful, for enhancing the awareness of knee joint position, functional balance and mobility in children with spastic diplegia.
This study revealed that all groups displayed significant improvement in the measured outcomes with the exception of JPS in the CON group. This could be due to the impact of selected exercises program expected to enhance the volitional control of affected lower limbs and trunk, encourage normal movement pattern of postural control, and adjust balance and flexibility of muscles. This agrees with findings of Dodd et al. [27] who concluded that activities and rehabilitation programs improve physical capacity and functional abilities of children with CP. Mann-Whitney U test. *p<0.05. Kruskal-Wallis test. *p<0.05.
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Furthermore, improvement of postural control during locomotion enables the child to use proper frameworks to advance postural stability and control [28] .
Findings of this study support the use of both treadmill training protocols for reducing knee joint proprioceptive error and enhancing functional balance and locomotive abilities. This could be clarified by the study of Dimitrijevic et al. [29] and Mattern-Baxter [24] who reported that treadmill training permits specific gait training in a rhythmic fashion, that stimulates central pattern generators (CPGs) in the spinal cord at the lumbar level. They added that CPGs are neural activations that enhance motor patterns and biomechanical elements included in the gait cycle, leading to rhythmic reciprocation and better postural control and balance. Furthermore, it was reported that walking training using a treadmill is more efficient than conventional walking training, which could clarify greater improvement of all measured variables in both study groups, than the control group [30] .
Improvement of outcome measures in the TEO group is supported by findings of Liao and Hwang [10] who reported that visual information is essential for gross motor function in children with CP. These findings recommended that children with CP use visual cues as a compensatory system, for activities including the JPS. During visuomotor tasks, vision prevails over proprioception, particularly if the other two systems conflict [31] .
Furthermore, treadmill training with allowed vision motivates children to keep postural control, and symmetric weight support. These procedures may improve knee joint proprioception and functional balance and mobility, by appropriately incorporating somatosensory, vestibular, and visual stimulation. These findings also could be explained by the study of Ledebt et al. [32] who concluded that balance training with visual input is useful in diminishing postural sway, and improves voluntary weight shift during standing.
The mechanism for improvement of the knee JPS, balance and locomotive abilities in the TEC group is probably linked to additional activation of joint and muscle receptors accomplished by visual restriction which imposed the children to use somatosensory and vestibular senses to walk and balance, by restricting excessive visual reliance. Within the same context, it was reported that treadmill gait training with blocked vision, is effective at recovering gait, balance abilities, and proprioceptive acuity in individuals with stroke through improvement of postural control elicited by enhancing proprioceptive and vestibular sensations during visual restriction [33, 34] .
Walking with visual deprivation reinforces neural associations that emerge from participation of cortical structures included in the locomotion imagination, foot positioning, and dynamic postural control. It enhances awareness of body position image in relation to surroundings. This could be due to impact of motor imagery which plays a fundamental role during blindfolded walking [35] . Moreover, Rodrigues et al. [36] found that kinesthetic motor imagery activates motor representations engaged with postural control. Therefore, kinesthetic motor imagery, more than visual motor imagery, can adjust body sway during balance control.
Additionally, Hallemans et al. [37] reported that people assume different gait patterns while walking blindfolded. When sighted people walk with blocked vision, they tend to use an attentive gait pattern towards optimal step frequency, to minimize step errors during walking. Therefore, state estimation is used to precisely control foot position, which appears to depend on modifying weighting of sensory prediction errors [38] .
Furthermore, these findings are supported by Zanetti and Schieppati [25] who reported that treadmill practice with visual restriction performed by healthy adults enhanced their balance capability in comparison to a vision-allowed group. Goble et al. [39] reported that repeated stimulation of somatosensory receptors in children with hemiplegic CP may be accountable for improving their balance abilities through proprioceptive reintegration.
Significant differences between groups post-training in favor of TEC group could be explained by the study of Oliveira et al. [40] who found higher neural processing identified with motor planning and execution, when vision is not accessible during locomotion. They added that walking with blocked vision, influences attention and cognitive abilities. Therefore, the necessity for attention/ cognitive demands may affect electrocortical changes at somatosensory cortical areas, as well as prefrontal and premotor areas achieving a noteworthy improvement in dynamic stability during gait.
Some limitations of this study warrant consideration including the small sample size which makes it difficult to generalize results, and absence of follow-up after in-www.e-arm.org tervention did not allow for long term effect of therapy to be determined. Accordingly, further larger-sample studies with long-term follow-up are required. Further studies are needed to better understand how blocked vision treadmill gait training, could affect kinematic and kinetic gait parameters in children with CP.
In conclusion, this study demonstrated that both treadmill training protocols are effective in improving knee joint proprioceptive sense, functional balance, and locomotion in children with spastic diplegia. Moreover, treadmill training with blocked vision is recommended, when planning a gait rehabilitation program for children with CP to take advantage of adopting alternative sensory strategies relative to adjusting joint proprioception, balance activities, and mobility without the help of vision.
